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Results of statistical studies are applied to an objective review ot
Sergeant maintenance and logistical support with respect to clectronic
itents. Alterations in the Sergeant maintenance concept suggested by
ihe Orduauce Corps are anaiyzed. Recommendations for modification

of the concept are presented, i the arcas of the allocation of test

stations amd ot-vehicle material, of storage-reliahility cvaluation, and

of checkont poliey. 20

i. INTRODUCTION

This report presents as objective as possible a review
of the maintenance and logistical support fconsidering
electronic items only) required to maintain Sergeani in the
ficld in a high state of operability under al) conditions,
with a view & naking reconimendations as to the opti-
mmm allecation of support capabilitics to achieve such
a state of operability.

Specifically, it offers recommendations, based on statis-
tical studies, for certain alterations to be made in the
Sergeant maintenance concept.' In addition, and to an
extent incidentally, it is intended to clarify some pub-
lished and implicit aspects of the concept, and to discuss
certain alterations proposed by the Ordnance Corps in
Fall 1658.

Salem,G. M., The Sergeant Weepans System Maintenance Con-
cept, Report No. 20-130. Jet Propulsion Laboratory, Pasadena,
California, July 14, 1959 { Secret}.

CONFIDENTIAL

A. Sergeant in the Field

The Sergeant weapons system will be Adeployed in
active service by battalions. The Field Artillery Missile
Battalion—Sergeant most probably will be composed of
one Firing Battery, having two Firing Plateon; each with
one launching station, and a Headguarters and Service
Battery (Fig. 1). The Battalion will nsvally be under tac-
tical and administrative control of the Seld Army or Corps
commander as a general support weapon, The typical
field Army might have as many as three Sergeant Bat-
tahons.

The Sergeant has been designed for package replace-
ment maintenance. A user-maintenance facility, the organ-
izational maintenance test station (OMTS), and an
Ordnance-maintenance facility, the field maintenance test
station (FMTS), have been designed as integral parts of
the Sergeent weapons system. In the past the Jet Propul-
sion Lahoratory has proposed a mainteniance support plan

Paga 1
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Fig. 1. Sergeant Battalion Deployment

which altocates one OMTS to each Firing Platoon in the
Sergzeast Battalion, one FMTS to cach Ordnarice Direct-
Support unit, and one FMTS to cach Ordoance Heavy
Maintenance support facility.

)
weapons system is designed to carry 100% on-vehicie

b of the major items of grovad equipment in the

spares for its owa clectronic operating equipment. In
addition, the OMTS was designed to be uble to carry
200% missile-guidance spares, and the FMTS was designed
to be used in conjunction with 100% assembly and sub-
assembly organic-stock spares for all major items.

B, Maintenance-Coricep} Aiterations Proposed by
Ordnance Corps

In Fall 1958 the Grdnance Corps requested that this
Laboratory examine the cffects uponr Sergeant operability
and maintainability of severad proposed alterations to the
basic maintenance philosaphy of the Sergeant weapons
system. The alterations proposed, as they fall within the
scope of this discussion, are listed below,

1. Removal of all electronic operating-assembly spares
from the lamching station.

2. Removal of @)l electronie operating-assembly and
missile-guidance-assembly spares from the OMTS.

3. Rerneeval of all electronic assembly and snbassembly
spares frem the FAITS.,

These measures would sevve o reduce the initial cost
of the Sergzant weapons system by a considerable
amount, although it should be noted that the end cost
wonld not he substantiully different. However, the scope
and effectiveness of the mai tenance sappoit would he
severely limited by such charges.

It is considered, thesefore, that the Sergeant wmainte-
mance plan as aWered by the suggestions listed will not

provide adequate support for Sergeant; further, it will

not be in harmony with the maintenance philosophy
already designed inte the weapons systen:.

The basic weea s contention between the Jet Propulsion
Laboratory and the Ordnance Corps lies in the allocation
of on-vehicle spares (on-vehicle material or OVM) o the
major items of ground equipment. This problem is taken
up in some detail in Sectivn IV of this Report.

CONFIDENTIAL
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Il. SERGEAN? OPERATIGNS AND SUPPORY

The tactical and technical requirements which Sergeant
has been designed to meet are soi forth in the Sergeant
Miiitary Characteristics.” The maintenance and support
philosophy is part of this design. However, some alor-
natives in the maintenanice plan may be considered and
evalnated in terms of the Military Chacacteristics,

A. Madas of Cperation

The Sergeant Battalion will function in two radically
diffevent modes: the peacetime mode, and the wartime
{or immediate-threat-of-war) mode. In peacetime
the emphasis is on training and on maintaining readivess
in the prescribed load of missiles and in the major items
for possible war, In war or immiediate threat of war, Ser
geant will he able to maintain a very high degree of
readiness 11 the preseribed load and in the Jaunching sta-
tion and to deliver withont delay a high rate of fire. In
addition, the Firing Plhtoons will be capable of pevform-
inge “shoot and scoot” missions which involve rapid
emplaccent, firing, and displacement.

All of these capabilities place direct requirements npen
the maintenance-support facilities associated witn Ser-
geant. Any maintenance-support plan proposed bor
Sergeant must be able to meet all of these requirements
cfficiently and reliably. 1 st be able to make t ¢ transi-
tion from peacetime to wartime operations rapidly and
with a minimum of alicration.

B. Statisticol Visvalization of Reliability,

In order to evaluate 8 wa, of providing maintenance
support, it is first important to understand thzee closely
related concepts: reliabiity, reliability deay, and rate
of reliability decay.

Reliability, as the concept is used n th's discussion, is
the probability that the 1nissile will fire n time after it
is removed from its coatainers and assembled on the
launcher. Reliability decay is based on the vppusite of
reliahility, that is, the probability that the missile will not

* Development, Test, ond Demonstration of the Sergeant Field
Artillery Guided Missile System, Technical Requirements No. 19,
Revision No. 8. Reseach and Development Division, Redstone
Arsenal, Huntsville, Alabama, June 3, 1957 (Secret ).

CONFIDENTIA)

fire on time. This probability is equivadent to the prob-
ability that a failure will be detected (assnming that any
fuilure will be detected and will hali wr delay faing). The
rate of reliability decay is the thme-rate of fhcrcase of this
probudiiity after a checkont of the missile. Thas, to eval-
nate yeliability and the related concepts reqeires the
statistical made) deseribing the ocawrence of failures,

Failures in the Sergeant weapons system are deseribed
by two models. One mudel involves wear, Tt has no hear-
ing on the terms being discussed here: it is explained in
Sectian HIA. The other model postnlates that faitures
oceny by chanee i aa: © tval of Gme after a cheekont,
and that there is no way ¢ anowing that a failare has or
has nat ocowred, exeept an attempt io cheek aut or fire

the missile.

This second model deseribing Sergeant preflight fail-
urirs js based on the Poisson distribution of chance events
and is best deseribed in terms of a game of chance, 1 is
as thongh in cach minute that passes after a checkout,

a dive plaver rolls o pair of dice. The rides of

ar
are such that eacl: roll of the dice is a new game. 1M the
player rolls & number other than a given ane (say 7). the
minute passes aneventfullv. If he rolls the 7, a failure
occurs. The plaver is not allowed to see the onteome of
the roll hut there is a scorekeeper who does keep track
of the outcomes. At any time the plaver can ask the score-
keeper whether or not he has thrown o 7 sines e Jast
time he asked. Obviously, the longer he waits efore
asking, the more likely it is that he has thrown a 7.

The play of the dice player represents the progress of
time in which chance failures occur. The scorekeeper,
keeping track of reliability decay, corresponds roughly to
the checkout equipment. The player asking the score-
keeper whether he has ralled 7 is analogous to a checkoit
or a firing attempt. The number 7, with the maximum
probability of acewrrence in the game, corresponds to a
fairly high chance of failure; if the number on the dice
which corresponds to a failure is 2, or 12, with minimum
probability of occurrence, this corresponds to & low
chance of failure. What the number is correspends to the
rate of reliability decay.

Suppose the player wishes to maintain a high confi-
dence that he has not rolled a seven. Since sevens oczur

Page 3
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quite frequently, e st ask the scoreheey irly often.
If be 1s trymng to mammtain a certain confid.:nce that
he has not ralied a2, he need not ask so often. Also if
the player will aceept a low ensfidence that L has not

rolled 7, he need not ask so often.

In missile maintennee terms, suppose a high :ekahility
iubiliy decay.
the rate of
s probubility of compo- ent fail-

stundird is coupled with a high rate of el

Checkouts must be scheduled guite often, 14
decay, or instanu

ure. is quite low, checkouts need not oceur so oftn. Alsa.
if a lower reliohlity standard is accepted wit! o ligh
failure probability, checkouts need not e made .o often.

Thus it is evident that given the rate of r liability
decav, a halanee can be strack between the lever of reli-

ability maintained and the length of time betwaer cneck-

outs to arrize at @ maintenaoce plan bost suited te: system

requirernents.

C. Mathods cf Supporting Sergerint

The two maintenance-suppart methods under ¢ msid-
cration differ in the allocation of the majoi user test-
equipment item. The first alternative places this se port
at Battalion level: in the second alternative, the Firing
Platoon possesses its own testing station. The two i veke
out and support systems are shown in Fig, 2.

1. Battalion-support method. Urder the fist scheme,
the Serzeant FAM Battalion wonld have only one OM™S,
located at the Headquarters and Service Battery, Peace-
time readiness of the prescribed load would be assured Ly
periodic checkout of the missiles in the Battalion pre-
scribed load by the OMTS. The ability of this station t
perfoim its function depends on the location of the pre-
scribed load and the time-between-checkouts require-
mcut. Thus if the complete prescribed wese kept at
the Headquarters and Service Company. the OMTS could
easily perform its task no matter how short the time
between checkouts. Il the load is scattered among the
Firing Platoons, and the Firing Platoons are as much as
20 miles from Battalion Headquarters and 40 miles from
each other, the job of the GMTS hecomes slightly more
difficult; its dependence upon the time between checkouts
is greater. As an absurd example, if it were required to
check out the complete prescribed loud twice a day to
maintain a certain reliability it wonld be impossible for
one OMTS to handle the job.

Poge 4

S J
RETJRN FOR
PERICG'C CHECKOU™

BATALLION-SUPPORT METHOD

ANEY e

PLATOON-SUPPORT METHOD

sk

Fig. 2. Missile Checkouts under Two Support Meihods

ien of the OMTS in this support con-

fignration could casily he perforraed by the hest training

The training mi:

of all. on-the-job-traiving The training mission of the
other clements in the Battadion are vnafiected by the

dispusition of the OMT!S,

The ability of the OMTS to maintain the peeseribed
load in a heightened state of readiness in wartime or in
the immediate threat of war again depends on the rate
of decay in reliability.

The ability of a single OMTS (with 100Z spares) ade-
quately to support an aserage rate of fire as high as 12
rounds per day per Battalion has been demonstrated by
timulation technigues on an IBM.704 computer.

The wartime use of the OMTS in the Sergeant Battalion
would be restricted to maintenance of the presciibed
load of missiles. Hiph firing rates would be supported f:
the .irmy Ammunition Supply Point. That is, the Firing
Platoons would draw checked-out missiles from the Sup-
ply Puint and fire them withont any checkout additional

CONFIDENTIAL
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te that provided by the hunching station ielf. it should

be nated ai this point that the kuinching-station checkout
will deteet every type of diserete missile failure which
the OMTS will detect; that is, the launching station will
reject every had missile that the OMTS will. The only
difference s that the lunching station isolates malfune-
ol ae warhead.

tions to a particelar major assciusbly
mator, guidance section, or fins, while the OMTS isolates
malfunctions to the assembly fevel.

Clearly, the proceduie of drawing checked-out missiles
from supply and firing therm without OMTS checkout
depends for success on a rate of refiabiiity docay which
is fow enough that the missile will still have an accept-
able probabitity of firing on time when pliced on the
launcher {after some nominal delay which might, for
example. represent the tine reguired to trosport the
round from the Anmnmnition Supply Point to the lanch
site). If the rate of decay in reliabilitv were so high that
the probubility of firing on time would have fallen below
the acceptable level hefore the rormd had arrived at the
launch site, then an OMTS checkout prior to assembly
of the missife on the lancher would be required.

The support plan in which the Firing Platoon draws
checked-ont missiles from the Supply Point and fires them
provides that “sheot and scoot™ missions would be per-
formed without the immediate support of an OMTS.
Indeed, if an OMTS checkout of the missile is required
hoot and scoot” oper-

immediately hefore fring in the

CONFIDENTIAL

-y

wtion, the minimum time requred for the particulas firing
mission is doubled.

9. Platoon-support meihad. The second alternative pro-
vides that cach Firing Platoon have its own OMTS. tn
the waintenance plan designed by tos Laberatory, each
OMTS is complete with 1008 OVAL The Ordnance-
altered plan cails for the elimination of ali GMTS spares
carried as OVAL With repard to peacetinie maintenance

of the presershed load, either of these svstewns wall pers

form adequatelv As bas b e, ik
exists a remote possibility that the 1‘1 ttoon-support
methed would be the only feasible plan to maintain a
level of readiness. if the rate of decay in reliabibty aftey
checkont were rapid enoueh so that very frequent check -
onls were required to maintain the level of readiaess.
Again it should be cmpliasized that the possibility i
remote. Peacetime training requirenients are falfilled ade-
quately by cither system.

The wartime capabitity of these systews is camplicated
by the problem of OVAL which will he discussed in See-
tion 1V, The plata
tially the maintenance plan as desertbed in the Mainte-

upport methad Hwhich is substan-

nauier Concept') performs satistoctorily, but extrava-
gantly, in the wartime situations. This is especially true
if the rate of reliability decay is low: the result is
expemsive equipment tied up with listle or nothing te do.
1t is concluded that the system with two OMTS's aad no
OVAS will be unuble to perform adeguately any of its
missions in wartime.

Pags %
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iI!l. STORAGE OF MISSILE SECTIONS

It geems clear from the preceding disenssion that the
key to the problem of whether to have one ONMTS per
Battadion or one OMTS per Firing Platoon is the iate of
decay in reliability o fter checkout. Sinee tins vate of decay
in relinhility after checkout or storage reliability is so
important it will e discussed in detail. First of all storage
veliabiiity is defined as the reliability of the missile as a
function of time from last checkout.

It is necessary to distinguish three storage ervironments
which the Sergeant is likely to encounter. In all cases the
missik~ sections are assumed to be stored in thedir sealed
containers.

1. Passive Storage is open store o or storage in wares
houses in which the missile sections are s bjedied o litte

or no shiock and vibration.

2. Transport Storage is any and all handling and trans-
port undergone by the missile sections in their sealed ¢
tainers between the Lt checkont at the factory and the
final placement of the containers on the specially designed
Battalion transport trailers in the field.

3. Field Siorage is the carrving around of the missile
sections on the transport trailers as parl of the Battalion

prescribed ioad.

The storage Military Characteristic® (Scction 1.2.11.1}
presumably refers to the combinativie of passive storage
and transport stovage. However, the foous of interest in
this treatment is field storage. Reliability during field
storage decreases less than during th: combination of
passive and transport storage, according to the experience
of this Laboratory with the potentially rough treatment
which can be meted out to the missile sections during
such operations as loading and unloading at docks and
warehouses, communication-zone truck and rail transport,
or constant handiing in the Ammunition Supply Point.

A. Fiold-Starage Reliahility

The reliability or readiness of a missile in the prescribed
load during feid storage is measured Py the probability
that the missile will fire successfully at the time it is
removed from sterage. This reliability is a function of
time since the last checkout. The reliability of u missile
diminishes as time increases after a chec:out. Each check-

Page &

out brings the reliability of the missile almost up to the
level it had at the time of the previous checkout. The
word “almost” is inserted because some components in
the missile are subject to wear, and cach checkout canses

a certain amount of wear, which decreases reliabitity, The

number of checkouts per unit time or. inversely, the

“ckonts, reguired to maintain a rehabiity

time hetweeny ¢
greater than or equa! to a given level depends en the rate
at which reliability drops off as a function of time frem
last chechout. The total number of chechouis which ean
be performed depends on the rate at which wear
decreases the niaximum achievable reliability: thus there

s a paint at which the veliability of the missile immedi-

than the required leved

ately after a chochont will he lees
because some assemblies have reached « point in their
Hfetimes at whick: the probabitiie of s Lilare inereases

sharphe.

Figere 3 presents graphicaly the effect of wear on
maximumn achievable reliabilite and on time between

checkonts.

1
fy = TTME OF FIRST CHECKOUT TIME CF A1h CHECKOU™ = I”|
Aok -——-- RN SR
\ \{) o
Ly
A i A |
> il \
< 1i
1 i
@ \ \ i
< \ i
3 | SR
3 \ : * ,-‘ \
3 \ v 1
e 7 —» . R
.1 1
) oy
Q T r a7 N-2T
TIME
Ry = MINIMUM READINESS LEVEL
R = MAXIMUM ACHIEVABLE RELIABILITY
{I¥ NG FAILURES OCCUR)
7 = PRESCRIBED TIME BETWEEN CHECKOUTS
{ASSUMED 2 DAYS}
NOTE AFTER Ath CHECKOUY, PLATFORM AND ASSOCIATED
GEAR MUST 8E REPLACED, OR PRESCRIBED TIME
BETWEEN CHFCKOUTS MUST BE SHORVENED

Fig. 3. Effect of Wear cn Maximum Achivvabie
Reliability and on Time between Checkouts
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The steep paraliel curves represent the tune decay in
relianility after checkout. The dotted verticals represent
the restorative effeet of the checkont. Iif there were no
wear associated with a checkout, each additional check-
out would bring; the reliability of the missile up to R..
The time between checks. 7, would he the time reqguired
for the decay curve to pass through R The stepped,
broken-line curve represents the mavimam achievable

Sach succceding checkout decreases the max-

rehiability:
imum achievable reliability becapse of wear. This has the
cffect of cansing the decay curve to pass through R,
sooner than it would bave otherwise, Tt is obvions from

the Figure that T is o functiom of the number of clweck-
onts. [n practice, some constant 7 would probably e
chgsen so that at first the checkouts wonld be performed
slightly more often than necessary. As the nissile

approached the dime when the items sibject to wear

should be replaced. the checkaats would be performed
slightly b

mum readmess Level. This condition can be seen jn the

often ihan necessary to maintain the mini-

Figure by noticing the relationshypy between where the
decay enrves pass through R, amd wicre the dotted lines

representing checkouts pass throngh K. Towards th

right side of the smaph the curves are intercepting the

R, line ws moch as % dav ahead of the next checkout time.

Referring to Fig 4, « missile whose reliability in field
storagre is as pout as at T 6 days (the middle curve)
coukl easilv he maintained at an acceptable level of
readiness by o Sergeant FAM Battalion with a single
OMTS. This six-day time hetween checkouts would be,
sutficient to allow the type of wactime procedure enmvi-
sioned for the single-station Battalion. The emve Labeled
Tusm == 30 represents the engineering judgment of the
Jet Propulsion Laboratory concerning the feld storage
reliability of Sergeant. A single OMTS per Battalion is
more thon adequate under these circumstances. The
2-day casc represents the very improhable conditions
which might lead to assigning one OMTS per Firing
Platoon.

However, it is the opinion of this Laboratory that
should this highly unlikely situation occur, the cost of the
second OMTS per Battalion would be better spent in
product improvement.

£. Continving Experimental Program
Start'ng with the first Engineering-Model Sergeant

* round, a policy will be established of taking the missile

3

1
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TIME, doys

Fig. 4. Field-Storage Reliability

from whatever storave and handling it has esperienced
since its last checkont at the fuctory, placing it directly
on the lannching station without further checkout by the
OMTS. and attempting to complete a mock firing. The
storage and handling environments undergone by the
missiles will he controlled to whatever oxtent is practica-
ble, in order to ebtain results based on 4 spectrum of
Iikely handling and sturage environments.

Records will be kept of the envirenment experienced
by each missile and its performacee on the launcher.
After the mock firinyg cuch missile will be checked out by
the OMTS, and records will be kept of the results of these
checkouts. Missiles which fuil to complete the mock fir-
ing will be repaired by the OMTS, and records will be
kept of the repairs. (The same missiles will then be fired
in the EM frings.) These records will provide a prelim-
inary estimate of the reliability degradations of Sergeant
in all three storage modes. Further the laboratory will
recommend that the esperiment be continued through
the Engineer-User Evaluation, the User Evaluation, and
the field life of the weapons svstem, or until the Ordnance
Corps has built up a level of confidence satisfactory to
themselves in a value for the rate of decay of reliability
for Sergeant in ficid and passive storage.
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Studies have shown that in order to maintain a high
level of operability, @ complex system st have cither
on-vehicle spares or a gl
with a deiay time on the order of a few bours,

relable sparves supply line

A. On-Vehicle Materic!

It is impossible to gnarantee such a suppiy line as that
wentioned above, Therefore in order to maintain a high
level of operability a comples system must have OVAL

However, i the Sergeant weapon svstem the requine-

ment for a high ievel of apercbility varies with the major
item considered.

I. Lavnching station. The highest possible Tevel of
operahility 15 required of the laonching station at alb
times. sincee it is direetly involved in delennining the
combad pavoff of a missile firing. In addition, tactical
conditions would keep the launching station isolated from
repair and parts-supply fadiiities wuach of the sine Thus
in order fo maintain combat integrity it must have 1007
OV at all times.

2. OMTS. In peracetime it is nat absolntely necessiuy
that the OMTS huve OVM. Since its prim
to maintain the readiness of the preseribed Joad, the
OMTS could be deadlined for spaies for as long as the
time required between checkouts. This endition would
not seriously impair the readiness capability of the

v mission is

weapon svstem.

In wartime, however, the OMTS must have OVM to
support high fiing rates and to maintain the heightened
readiness capability, The results of statistical studies on
this specific phase of the OVM problem are included to
illustrate the point. In Fig. 5, the vertical scale represents
a measure of the ability of a single OMTS to check out
missiles fast enough to support the firing rates marked
off on the horizontal scale. Each curve shows the perform-
ance of the OMTS for a different delav time for replace-
ment of a failed OM7TS assembly. Curves A, B, and C
represent the performance of the OMTS with no OVM
and with delay times of 2, 8, and 40 hours respectively.
Curve D demonstrates the performance of the OMTS
with a 40-hour delay time and 100% OVM. Figure 6
amplifies this contrast, showing that an OMTS with 100%
OVM and a 40-hour delay time performs as weil as an

Page @
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A 2-hr DELAY, NC OVM !

B. 8-nr DELAY, NG OVit ' |
Ca0-hr DELAY, NC OVM

J.40 -nr DELAY, i00% OVM

PROBABILITY OF MEETING A DEMAND SUCCESSFULLY

010 p——p— o —
i .
i i ‘
1 .
o 1 | i J
50 40 30 20 [ )

AVERAGE TIME BETWEEN DEMANDS, hrs

Fig. 5. Effect of Spares on Checkout Reliability

OMTS with no spares and a 7. or 8hour wait time.
Experienced military personnel will probably recall not
infrequent occasions in wartime when a supply line
with a 40-hour delay was considered marvelously fast.

Since the OMTS must have OVM in wartime, and
since the ©YMTS must he capable of rapid transition from
peacetime to wartime status, is scems reasonable to
require that the OMTS be issued with OVM in peace-
time, rather than issuing it without OVM, but with the
OVM stored <los: enough to insure rapid changeover
to wartime status

TONFIDENTIAL
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Fig. 6. Requirement Pluced on Supply Line by
Checkout Unceliability

B. Selected Spares

The principle of stacking only selected spares to sup-
port @ comples system is cortamly a reasonable one, It
is cloar that in general the purchase of selected sparcs
represents the optimum aliscation of money for spares.

fowever, the design of the Sergeont is such that great
care must be taken in making decisions as to which
spares will be selected. Any arbitrary-decision rule such
as "spend 157 of the total cust of operating cquipment on
spares or ‘stock the three least reliable assemblics in each
major item,” cte. will in many ases result i serious
imapairment of the over-all capability of the major item.

1. Missile. In the case of the missile, a policy of selected
stackage of spares is mandatory. Some of the assemblies
in the missile are subject to mechanical wear, as has Y>n
discussed previously, Toward the end of the ‘checkout’
life of a missile, repair of such items becomes more and
mare frequent. Also, a fow of the missile assemblies ace
as much as a factor of 10 less reliable than any of the
other assemblies, independent of the ‘checkout’ life. These
assemblies can be expected to fail more frequently than
the others. Unfortunately, little saving in money cun be
expected fram a selected-spares policy for the missile,

CONFIDENTIAL

v, the 1nont likehe

sinee the theer wost anyelinble aseembli y
to sffer wear, represent approximately 85% of the total
cost ot missile assemblics,

2. OMTS. Selection of spares for the OMTS is cam-
plicated by two factors, First, the OMTS requived spaves
For approvamdely 239 of its operating assembbies for use
in carrying ont cortam self4est toable-shoting proce-
dures These spares sue oot oecessavily the coatimnm
choices Tor selected spares stockage, Seeond, the prosence
of OVM s so oritical to the pedormance of the ONTS
in the sitwttion where € must cheek oat missiles fast
enaigh to meet high fiving rates, tat very fese spares
vt be removed withoot serionsty dewrading sesformance.

Figare 7 sumoarizes the vesults of asimuae 5w of ibe
OAMTS checking ont w
OV supply which devreases i o orderlv way The
simulation process was dependent qpon coias poob-

es af o high firing rate, with an

ability considerations, o that each civded poing on Fige

7 should b leoked upon as the average ateome of

‘o0 1o t
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Fig. 7. Effect of Selected-Spares Removaif on
Checkout Reliability

Page 9



Report No. 20-132

Jot Propulsion Labaratory

CONFIDENTIAL

farge number {on the onder of 235005 of

curve shows the effeet on OMTS perfore
inge first the ost reliable spares, then removing in addi-
tion the second most reliable, ote. Performance drops il

fments, The

we of remov-

rapidly, indicating the extreme importance of OVM in
this situation. 1t is unlikely that any sele ted-spares palicy
could he worked out for the OMTS which would not
cither serionsly degrade the capability of the OMTS on
the one hand, or, on the other, resnlt in a spares stockage
for the OMTS representing 80 to 0% of the total cost of
OAITS operating, assemblics.

50 FMTS. The Ordmince cheekout station, the FMTS,
requires spares for perhaps half of its assemblies for nse

in self-test procedures. Ttis believed that a selected-spares

policy could he effectively employed on the remaining
assemblies. Either the FMTS or the Ordnance 13/8 umt
to which it is attached mnst have available aoe complete
st of spares for the OMTS and the launching station in
order to maintain the capability of supporting the Scr-
geant FAM Battalion by means of unit replacement. A
policy of selected spares stockage for the system sub-
:lSS('n’]hlil',\ SCeIns r('i\S()ni\l)](‘ ill“l \\'Ul‘kill)ll'.
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V. CONCLUSIONS

It is recummended that the Sergeant FAM Battalion
be organized with one OMTS, which will he assigned to
Headguarters and Service Battery. It is the engincerinsg
judwgment =+ the Jet Propulsion Laboratory that the ficld-
stoeyre reliability of the Sergeant missile will be sueh as
to make allocation of more than ons OMTS per Battaiion
extravagant and of no advantage fnosystem performance.

A vontinuing experiment to determine the field-storage
reliability of the missile is recommended. Starting with the
first Enuincering-Muodel round, the program should con-

through the Engincer-User Fw: v ountil the

user is aware of all the ramifications of the Ged-storage

probleny, and until this reliabiliiy is established to the

satisfaction of the nser. The necessary record forms should
be initiated immediately.

A policy of periodic chieckont for the maintenance of
the Sergeant Buttalion's prescribed Joad of missiles should

be established. Cheekonts more frequent thi necessary:
to maintain a given level of readiness reduce the mavi-
mum achievable reliability hecause of wear. a policy of
pertorniing too-frequent checkonts is uncconomsical wnd
dangrerous. Paforming the eheckout innnediately hefore
firing is uanccessary and undesizable in any case; for
“shoot wd seaot™ wissions. sl a checkont donbles the
mininim total e for the operation.

The foilowing policy on spare-parts stockage is recom-
(1 1007 statiom OVM {cleetroniest 1or the
Taunching station; {33 100% staiion OVA (electromes: {or
the OMTS; (3} sclected missile spares aboard the OMTS;
(4) sclecred station <jaces for station assemblios wof
required iu sell-test proccdiires, aboard the FMTS: (5)
1KY ongaaie spares for Lamching-station and OMTS
assemblics, associated with FMTS; (6; selected subassem-

bly spares for all clectronic assemblics in the weapons

mended

system.
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